In present paper we establish the existence, uniqueness and boundedness of solutions of mixed nonlinear fractional integrodifferential equations using fixed point theorem.
Introduction
Let Y = C(J, X) be the Banach space of all continuous functions x(t) from a compact interval J = [0, T ] into a Banach space X endowed with the norm x ∞ = sup{ x(t) : t ∈ J}.
In this paper, we consider the class of nonlinear fractional integrodifferential system of the type C D αn x n (t) = f n t, x n (t), 
x n (0) = z n ∈ Y, x 2 (T ) = x 3 (T ) = x 3 (T ) = 0,
where C D αn is the Caputo fractional derivative of order α n , f n : J ×Y ×Y ×Y → Y is fractional integrable function of order α n and n − 1 < α n ≤ n; n = 1, 2, 3.
The study of fractional differential and integral equations is linked to the wide applications of fractional calculus in physics, mechanics, signal processing, electromagnetics, biology, economics etc. The investigation of the theory of fractional differential and integral equations has started quite recently see Kilbas et.al. [4] , Miller and Ross [9] , Podlubny [11] . Agrawal et.al. [12] establish sufficient conditions for the existence and uniqueness of solutions for various classes of initial and boundary value problem for fractional differential equations involving the Caputo fractional derivative in finite dimensional spaces. Matar [8] and Jagtap et. al. [3] have investigated the existence, uniqueness and boundedness of solutions of special form of (1) - (2) .
The aim of the present paper is to obtain the existence, uniqueness and boundedness of solution of mixed nonlinear fractional integrodifferential equations using fixed point theorem.
The paper is organized as follows: Section 2, presents the preliminaries. Section 3, deals with the main results. Finally, in section 4, we discuss an example to illustrate the theory.
Preliminary Notes
In this section we give the definitions, preliminaries and hypotheses that will be used in our subsequent discussion.
Definition 2.1 A real function f (t) is said to be in the space C µ , µ ∈ R if there exists a real number p > µ, such that f (t) = t p f 1 (t), where f 1 ∈ C[0, ∞), and it is said to be in the space C n µ if and only if f (n) ∈ C µ , n ∈ N.
Definition 2.2 A function f ∈ C µ , µ ≥ −1 is said to be fractional integral of order α > 0 if
and if α n = 0, then I 0 f (t) = f (t).
Definition 2.3
The fractional derivative in the Caputo sense is defined as
where
Definition 2.5 A function x n ∈ C n (J, X) with its α n −derivative exists on J, is said to be a solution of (1)- (2) , if x n satisfies the equation
For above definitions see [4, 9, 11] . We also require following Lemma given by Matar [8] .
is equivalent to
where G n (t, s) is Green function and
As a consequence of Lemma 2.6, the corresponding integral form to nonlinear system (1) - (2) can be written in the form
We list here the following hypotheses which are used in our further discussion.
(H 1 ) There exists a positive constant A n such that
(H 3 ) Let D, C and r be positive constants such that
The function g n is defined on the Banach space X, satisfying the Lipsitchitz condition i.e. there exists a positive constant C n such that
for any x n , y n ∈ X (H 5 ) Let D, C and r be positive constants such that
Main Results
In this section we state and prove results related to existence and uniqueness of solutions of mixed nonlinear fractional integrodifferential equations. Proof : We prove, by using the Banach fixed point, the operator Λ n : Y → Y, n = 1, 2, 3, given by
has a fixed point on B rn : n = 1, 2, 3. This fixed point is then a solution of the system (1) - (2) . Firstly, we show that Λ n B rn ⊂ B rn . Let n = 1, and 0 < α 1 ≤ 1 then
.
Next for n = 2, and 1 < α 2 ≤ 2, we have
The last case, n = 3, and 2 < α 3 ≤ 3, we have
The three cases for n = 1, 2, 3 can be written as
where n − 1 < α n ≤ n. Therefore, if x n ∈ B rn , we get Λ n x n (t) ≤ (1 − C n )r n + C n r n = r n . Hence, the operator Λ n maps B rn into itself. Next, we prove that Λ n is a contraction mapping on B rn . Let x n , y n ∈ B rn , then for n = 1, 2, 3, we have
where n − 1 < α n ≤ n. Hence, the operator Λ n has a unique fixed point x n which is a solution to the system (1) -(2) for each n − 1 < α n ≤ n; n = 1, 2, 3. This completes the proof. Next result in this section is the existence of solution to the system (1) -(2) in the vector form.
Let s) ). Moreover, we shall use the following logical notation
Therefore, the system (1) - (2) can be rewritten in the form
which is equivalent to
, it is easy to get
Theorem 3.2 If the hypotheses (H 1 ) and (H 3 ) are satisfied then the system (8) - (9) has a solution on J.
Proof : Let x = (x 1 , x 2 , x 3 ) ∈ Z. Define the operator Λ on Z given by
where Λx = Λ 1 x 1 + Λ 2 x 2 + Λ 3 x 3 . We have
Therefore, if x ∈ B r , so does Λx. On the other hand, if x, y ∈ B r , then
As,C < 1, by Banach contraction theorem Λ has a fixed point. This proves the Theorem.
Now consider the following nonlocal mixed fractional differential system
where f n , n = 1, 2, 3, as before, is fractional integrable of order α n ; n − 1 < α n ≤ n and satisfies the hypothesis (H 1 ), a, b and c are constants. The system (11) - (12) is equivalent to
2 and the last term is defined as previous. Now, we can state the next Theorem whose proof is similar to that of Theorem3.2 with some modifications. 
Application
In this section we give the application of our main result established in previous section.
Example 4.1 Consider the following nonlinear fractional integro-differential system Hence, all the conditions of Theorem3.3 are satisfied. Therefore, the system has a solution on J.
